Objectives: To determine the resting metabolic rate in a sample of the Italian population, and to evaluate the validity of predictive equations for resting metabolic rate (RMR) from the literature in normal and obese subjects. Design: Cross-sectional observational study. Settings: Department of Human Physiology and Nutrition, University`Tor Vergata', Rome. Subjects: A total of 320 healthy subjects, 127 males and 193 females, aged 18 ± 59 y. Methods: Weight, height and resting metabolic rate by indirect calorimetry were measured. Resting metabolic rate was also predicted using equations from the literature. Results: Resting metabolic rate (mean AE s.d.) in normal weight subjects was 7983 AE 1007 kJa24 h (males) and 6127 AE 907 kJa24 h (females). Measured RMR and predicted RMR values using various equations from the literature were signi®cantly different in males and females, except for the Harris ± Benedict equation and the Scho®eld equations. Also, in overweight and obese subjects the prediction error was generally larger compared to normal-weight subjects for all formulas except for the Harris ± Benedict and Scho®eld formulas. In overweight and obese males but not in females, RMR was lower than in normal-weight subjects after correcting for weight and age differences. Stepwise multiple regression of resting metabolic rate against weight, height and age in males and females did not reveal a prediction formula with a lower prediction error than the Harris ± Benedict or Scho®eld formulas and thus was not further explored. Conclusions: The Harris ± Benedict formula and the Scho®eld formula provide a valid estimation of resting metabolic rate at a group level in both normal-weight and overweight Italians. However, the individual error can be so high that for individual use a measured value has to be preferred over an estimated value.
Introduction
Resting metabolic rate (RMR) is an important parameter in the assessment of nutritional status in patients and is used for example to calculate the energy needs of a patient who needs parenteral or enteral nutrition (Brandi et al, 1988; MacFie, 1984) . In addition information on resting energy expenditure is necessary to calculate energy needs at a population level. For this, the FAOaWHOaUNU (1985) has published prediction formulas for the assessment of resting metabolic rate.
The RMR is de®ned as the energy expenditure 10 ± 12 h after a meal, the subject lying supine and completely at physical and mental rest in a thermoneutral environment. It can be measured by direct (heat exchange) or indirect calorimetric (gas exchange) techniques (Garrow & James, 1993) , where the latter technique is easier. The accuracy of RMR measurement procedures is fairly good, as the withinsubjects coef®cient of variation is about 5% (Weststrate et al, 1989) . This is a crucial point, since any bias in RMR assessment would amplify the calculation errors of estimated total energy requirements of individuals. Variability ranges of RMR assessment have to be carefully evaluated if total energy expenditure (TEE) is calculated as a multiple of RMR.
RMR is the component of energy expenditure that explains the largest proportion of TEE in individuals, but the contribution of a low RMR to the aetiology of obesity is controversial. Given the high prevalence of obesity in many countries (WHO, 1998) and the strong relationship of obesity with several diseases, information on energy meta-bolism in individuals as well as in population groups may be important to combat obesity (Seidell, 1997) .
Variations in RMR are known to be related to body weight, fat-free mass (FFM), fat mass (FM), age, sex, ethnicity and environmental factors such as temperature, and these factors must be taken into account (Weststrate et al, 1990) . For this reason predictive equations for RMR based on body composition formulas are generally population-speci®c. There are quite a number of studies in which prediction formulas for RMR have been validated (Hayter & Henry, 1994; Heshka et al, 1993; Weinsier et al, 1992) , but there are no recent studies carried out in Italians, or they are in very speci®c population groups (Scal® et al, 1993; De Lorenzo et al, 1999 ,2000 or they are outdated and in young subjects with an active life style (see Hayter & Henry, 1994) .
The aim of the present study was to measure resting metabolic rate in a relatively large population group and to re-evaluate the validity of prediction equations from the literature for Italians.
Subjects and methods
Three-hundred and twenty subjects, 127 males (18 ± 59 y) and 193 females (19 ± 59 y), participated in the study. None of the subjects had any disease or was taking any medications known to affect resting metabolic rate. The mean body mass index in different age categories was similar to the 51st percentile of the Italian population in 1994 (ISTAT, 1997). Table 1 gives some descriptive statistics of the subjects. The subjects were invited to the Human Nutrition Unit at University`Tor Vergata' in Rome in the early morning after an overnight fast. They were requested to refrain from any unnecessary physical activity prior to the measurements. The study protocol was approved by the Ethical Committee of the University of`Tor Vergata', and written informed consent was obtained from each subject.
Body weight was measured in underwear to the nearest 0.1 kg and body height was measured without shoes to the nearest 0.1 cm. Body mass index (BMI) was calculated as weightaheight 2 (kgam 2 ). Subjects were categorised based on their BMI according to the WHO (1998) ). FFM was calculated using the gender-speci®c equation of Moore et al (1963) . Body surface area was calculated using the formulas of Dubois and Dubois (1916) .
Prior to the RMR measurements, the subjects lied supine for 25 ± 30 min in a quiet room at an ambient temperature of 22 C. Then oxygen consumption (VO 2 ) and carbon dioxide production (VCO 2 ) were measured for a 30 min period by an open circuit indirect calorimeter using a face mask (Sensormedic 2900, California, USA). Daily calibration of the calorimeter was conducted following the instructions of the manufacturer. For additional quality control two different certi®ed oxygenacarbon dioxide gas mixtures (SIAD Ltd Co, Rome, Italy) were used. The accuracy of the gas measurements was within 4.5% of the true value and the reproducibility of the measurements over time was within 3.5% (unpublished results).
RMR was calculated from oxygen consumption and carbon dioxide production according to the formula of Weir (1949) . For the calculation of RMR, only data of subjects in apparently steady-state conditions (ie VO 2 and VCO 2 did not vary more than 5% from the mean value of the 30 min measurement period) were used. In addition to measured values, RMR was predicted using the equations formulated by Harris and Benedict (1919) , Robertson and Reid (1952) , Scho®eld (1985) , Pavlou et al (1986) , Owen et al (1986 Owen et al ( ,1987 , Mif¯in et al (1990) and Cunningham (1991) . The equations are given in Table 2 .
Statistical analyses were performed using the SPSS software program (SPSS, 1997). Analysis of (co-)variance was used to test for differences in parameters between males and females and to test differences in RMR between normal-weight and overweight subjects. A paired t-test was used to test differences between measured and predicted values. Correlations are Pearson's product ± moment correlations. Stepwise multiple regression was used to explore the relationship of RMR with weight, height and age within the gender groups. Values are presented as mean and standard deviation (s.d.) unless otherwise stated. A P-value less than 0.05 is considered as signi®cant.
Results
Characteristics of the study group are shown in Table 1 for males and females separately. As expected, males were taller (P`0.001) and had higher body weights (P`0.001) compared to females. Also, males had a signi®cantly (P`0.03) lower BMI than females and were signi®cantly younger (P`0.001). After correcting for the age difference between males and females the BMI did no longer signi®cantly differ between the sexes. The difference among the sexes in weight and height remained unchanged.
In Table 3 measured and predicted RMR (kJa24 h) as well as the difference between measured and predicted RMR (with the 95% con®dence interval) is given for males and females separately. The correlations between measured and predicted RMR values (Table 3) were generally high BMI, body mass index (weightaheight squared). RMR, resting metabolic rate. *P`0.05; **P`0.001. 2 ) there was generally a larger prediction error with all equations but the estimates from Harris ± Benedict and Scho®eld formulas were only borderline signi®cant in the obese groups. In obese females both formulas slightly underestimated the RMR (P ranging from 0.03 to 0.07) and in overweight males the formulas had the tendency (P 0.07) to overestimate the RMR (results not shown).
Resting metabolic rate in Italians
The dependency of predicted values on the BMI could be observed for most prediction formulas in females but not in males (see Table 4 ), indicating that in females the underestimation of RMR tends to be higher in obese subjects. Table 5 shows the metabolic rate in normal-weight (BMI`25 kgam 2 ) and overweight and obese subjects (BMI ! 25 kgam 2 ). The uncorrected value of metabolic rate was higher in the obese subjects. However, after correction for weight and age differences, the difference between normal-weight and overweight subjects disappeared in females, whereas in males the RMR in overweight and obese was lower compared to normalweight males. Figures 1 and 2 show the difference between measured and predicted RMR in normal-weight, overweight and obese subjects in males and females, respectively. Age speci®c formula based on weight and height. Figure 1 Differences between measured and predicted resting metabolic rate in normal weight, overweight and obese males.
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Stepwise multiple regression revealed as prediction equation for RMR in females:
(r 2 0.597, SEE 581 kJaday) and for males:
RMR 53X284 Ã weight 20X957 Ã height À 23X859 Ã age 487 (r 2 0.597, SEE 650 kJaday).
These prediction equations have a comparable error compared to the Harris ± Benedict and the Scho®eld equations (see s.d. of difference between measured and predicted values in Table 3 ).
Discussion
The aim of the study was to measure RMR in a large number of not specially selected subjects and to verify the validity of existing prediction equations from the literature in healthy normal-weight and obese adults. Although the present study population can not be regarded as representative for the Italian population, weight and height are around the median value of the Italian population (ISTAT, 1997). The RMRs found in this study are higher than values reported in other, comparable populations (Weinsier et al, 1992; Scho®eld, 1985; Mif¯in et al, 1990 ) and comparable to the relatively high RMR values reported earlier in Italians (Pepe, 1938; Hayter & Henry, 1994) . However, mean weight, height and body mass index in the present study population are higher compared to other populations (for example Scho®eld, 1985; Mif¯in et al, 1990) , which could easily explain the higher RMR values found. The fact that, for example, the Scho®eld (1965) equations provide valid mean estimates of RMR supports this explanation.
The results also show that, among the published RMR predicted equations used in this study, most equations grossly underestimate RMR in males and in females, whereas the Harris and Benedict (1919) and the Scho®eld (1965) equations result in rather accurate mean predicted values. In overweight and obese subjects the mean underestimation was generally higher in females but slightly lower in males. In both normal-weight and obese subjects the Harris ± Benedict and the Scho®eld formula estimated mean RMR well with only slight underestimations in females and slight overestimations in males.
Overweight and obese subjects in the present population have a higher absolute RMR compared to normal-weight subjects, but after adjustment (ANCOVA) for body weight and age RMR was not different between normal-weight and overweight females. In overweight males the corrected RMR was slightly lower (P`0.01) than in normal weight males (Table 5) . A lower RMR in obese subjects after correction for weight can be expected on the bases of their body composition, as obese subjects are likely to have less metabolically active tissue (fat free mass, organ mass) per kg body weight (Weinsier et al, 1992) . Ideally RMR data have to be corrected for differences in FFM (Deurenberg, 1994) , although it can be argued that such a correction is only a very crude one. Gallagher et al (1998) recently showed that the FFM is not one entity in that different components of the FFM have different contributions to the RMR. Based on their data it can be argued that obese subjects will have a lower RMR per kg body mass or even per kg fat-free mass, as their organ contribution per kg body weight or per kg FFM will be relatively lower.
One of the causes for becoming (or being) obese may be a relatively low metabolic rate, resulting in an easy weight Figure 2 Differences between measured and predicted resting metabolic rate in normal weight, overweight and obese females.
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A De Lorenzo et al gain despite a modest energy intake compared to others, who have a relatively higher metabolic rate. Astrup et al (1999) showed that lower RMR values are usually found in (normal-weight) post-obese subjects compared to normalweight subjects and concludes that the obese state is at least partly the consequence of this lower metabolic rate. However, in a study of Wyatt et al (1999) no evidence was found that weight loss results in a lower than expected RMR, suggesting that many people will have a normal RMR after weight loss. It is well known that, although many obese individuals are able to lose weight, most cannot maintain the weight loss for longer periods. A major point of controversy is whether the high degree of recidivism after weight loss is due to biological (eg relatively low metabolic rate) or due to behavioural factors. Some investigators conclude that weight regain is inevitable as a result of strong biological pressures to return the subject to an obese body weight. Others believe that the inability to maintain substantial lifestyle changes over time is the main culprit in weight regain. The results of Astrup et al (1999) suggest that a low RMR may contribute to weight regain in some formerly obese subjects. This should be taken into account in the treatment of obesity. The individual differences between measured and predicted values of RMR in this study were in a range normally found also by other authors (Heshka et al, 1993; Taaffe et al, 1995; Ferro-Luzzi et al, 1997) . These individual differences are large and may be even too large to make any prediction formula useful for individual use. The development of a prediction equation in this study population did not result in better individual estimates as the SEE of the prediction equation was comparable with the s.d. of the difference between measured and predicted values as obtained from formulas from the literature. As the Harris and Benedict (1919) formula and the Scho®eld (1965) formula provide valid estimates of RMR with comparable estimation error (see Table 3 ), such a prediction equation would also not contribute in any way, and no further in-depth analyses on this were performed.
Conclusions
This study con®rms data from the literature suggesting that Italians have relatively high RMR compared to other populations, but it is likely that this higher RMR is due to differences in body composition. Prediction formulas from the literature generally underestimated RMR, but the Harris ± Benedict and the Scho®eld formulas provided a valid mean estimate of RMR in both normal-weight and overweight subjects. Individual differences between measured and predicted values were high, making it necessary that in circumstances where reliable individual values are required, RMR should be measured rather than predicted.
